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Abstract- Computational fluid dynamic (CFD) analysis is used to simulate and compare the removal of microbes using a
number of different ventilation systems in hospitals. The primary objective of ventilation system design in hospital is to
place the patient at no risk of infection while hospitalization. Normally hospitals are considered to be clean and free from
pathogens which are actually not true. Due to the complex environment of hospital, the effective ventilation for comfort of
patients & control of infections must be given highest priority. Intensive care represents the highest level of continuing
patient care and treatment. Therefore a turbulent airflow study has been performed in Intensive Care Unit (ICU) of hospital
The present investigation stresses preventing airborne infections, protecting the doctor and other patient in ICU, using
Computational Fluid Dynamics (CFD) software FLUENT. In which, Navier Stokes and energy equations in threedimensional co-ordinates have been solved by control volume method. The SIMPLE algorithms are used to solve these
equations. Steady state, k-ε turbulence model and incompressible flow of a constant property fluid have been considered.
The tracking of massless contaminated particle (infection) has also been carried out by simulation. It is observed that remote
pocket of the room where air circulation is not proper, is not healthy for the patients as well as doctor. Therefore suitable
ventilation arrangement must be provided for healthy environment in the hospital.
Keywords- Air flow, CFD, ICU, Micro-organism, Ventilation.

I. INTRODUCTION
cases to control the infection in the surrounding areas
in the hospital. The need of precise determination of
airflow pattern and temperature distribution in a room
was realized at first by air conditioning engineers so
as to provide comfort condition of temperature and air
velocity throughout the occupied zone. In modern era,
people spends about 90% of the time in indoor
environment such as home, offices, factories, transport
vehicles, recreational buildings, hospital etc. In
hospitals since more than 8000 chemical species have
been identified in the indoor environment. CFD was
initiated around 1930. The concept of turbulence was
introduced into calculation of room airflow after 1970.
Helmis et al. [1] have presented an experimental and
theoretical study on assessing the status of air quality
in a dentistry clinic with respect to chemical pollutants
and identifying the indoor sources associated with
dental activities. Different schemes of natural
ventilations were explored to examine their effects on
the indoor comfort conditions for the occupants in
terms of air renewal. Huang & Tsao [2] studied
ventilation conditions, impact dispersion of
pathogenic nuclei in an AIIR (Airborne infection
isolation room) by investigating the airflow conditions
and impacting dispersion of infectious agents in it.
The simulations were performed on a fine tetrahedral
mesh with approximately 1.3×10 6 cells in AIIR. Rui
et al. [3] have studied the airborne transmission of
bacteria in two operating rooms during two surgeries,
a stitching of fractured mandible and a joint
replacement. The results showed that improving
airflow pattern could reduce particle deposition on
critical surfaces. Jayaraman et al. [4] reported a CFD
study of containment of airborne hazardous materials
in a ventilated room containing a downdraft table with

Isolation precaution is an important strategy in the
practice of infection control. The spread of some
infections can be impeded if infected patients are
segregated from those who are not yet infected.
Although there is no single study showing the
effectiveness of isolation, there are many reports
documenting the efficacy of the various components
of isolation, including use of private rooms and
protective equipment’s such as masks, gloves and
gowns. Towards the end of the 19th century, there
were recommendations for patients with infectious
diseases to be placed in separate facilities, which
ultimately became known as infectious diseases
hospitals. However, in the early 1950s, many of these
infectious diseases hospitals closed and the patients
were moved to general hospitals. The need for proper
isolation of infections in the context of these general
hospitals thus became an important issue. Airborne
transmission occurs by dissemination of droplet nuclei
over long distance from infectious patients. Infectious
agents that may be dispersed over long distances by
air currents and infect other susceptible individuals
include Mycobacterium (tuberculosis), rubeola virus
(measles) and Varicella-zoster virus (chickenpox).
The biological quality of air in hospital environments
is of particular concern as patient may serve as a
source of pathogenic microorganism to staff and
hospital visitor in addition to other admitted patients.
The most important source of airborne pathogens
inside the hospital is infected patient. The airborne
transmission of pathogens occurs when it is
transferred from an infected patient to other people.
The present study includes the simulation of such -
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the consideration of arrangement of ventilation
configurations. Li et al. [5] showed the concern for
lack of protection within an AIIR, it is important to
develop an understanding of air and contaminant
transport in the room. Balaras et al. [6] presented an
overview of general design for acceptable indoor
conditions related to HVAC systems in hospital
operating rooms. Lewis et al. [7] studied the influence
of room air distribution on the infection rate in an
operating room and concluded that an optimal air
distribution plays an important role in maintaining the
proper environmental condition within a surgical
room. Memarzadeh et al. [8] proposed a methodology
for minimizing contamination risk from airborne
organisms in hospital isolation rooms. The results
show that the number of particles deposited on
surfaces and vented out is greater in magnitude than
the number killed by ultraviolet (UV) light, suggesting
that ventilation plays an important role in controlling
the contaminant level.

4.0 m ×3.0 m ×6.0 m in X, Y and Z directions,
espectively. In the numerical grid, the doctor and
patient were treated as rectangular solid boxes of size
0.3 m×1.7m×0.5 m and 0.3 m×1.5m×0.5 m
respectively. The walls, Floor and ceiling of the room
were all well insulated. The supply air opening of size
0.6m×0.4m has been placed on south wall 2.3m above
the floor in different position i.e. 0.6m, 1.7m, 2.8m
far from west wall & the exhaust outlet of same size
as inlet has been placed on north wall. The inlet
velocity considered is 0.5 m/sec, air change rate per
hour (ACH) of 6 and inlet temperature is 20˙C. The
temperatures of different walls on east, west, north,
south, and ceiling have been taken as 31˙C, 25˙C,
17˙C, 28˙C & 48˙C respectively from ISHRAE
handbook for Raipur region [9].
The following three cases of fixed outlet position and
different inlet positions have been simulated as shown
in Table 1:

II. ASSUMPTION USED IN MODELING
Numerical modeling for the airflow is based on the
following assumptions:
1. Aerodynamic blockage (obstacle) due to presence
of human block available in the room has been
considered.
2. Presence of heat and pollution sources has been
considered.
3. Physical properties such as density, conductivity
etc. is assumed to be constant.
4. The flow is considered to be steady, turbulent and
incompressible under Boussinesq’s approximation.

The numerical model solves mass, momentum and
energy equations. The Standard k- turbulence model
has been used. The velocity-pressure coupling is
solved by means of the SIMPLE [Semi-Implicit
Method for Pressure-Linked Equations] method. The
computational domain has 3.8×105 cells. No-slip
boundary conditions were applied on all walls. The
first-order upwind scheme was used for discretizing
the convection terms. The convergence criteria for the
air properties (pressure, energy, k and) were assumed
to have been met when the iteration residuals have
reduced to 10-5.

III. GOVERNING EQUATIONS
Computational fluid dynamics (CFD) models are used
to predict the air velocity, turbulence level & air
temperature. The prediction of airflow in an ICU, the
flow equation must account for turbulence and
buoyancy. Conservation equations for mass,
momentum & energy can be established for each cell.
Three dimensional General Transport equations for
turbulent flow are given below:

Table 2 shows the details of variables , and S
for various conservation equations. The inlet velocity
Uo and inlet opening W1 are taken as characteristic
velocity and length respectively. The skin temperature
of human body (Th) is 37oC. The difference between
inlet air temperature and maximum wall temperature
( T) has been used for non-dimensionlization of
temperature.
IV.
THE
LAYOUT
SIMULATION MODEL

OF

COMPUTER

Figure 1 shows the isometric view of ICU. The
overall dimensions of ICU have been considered as
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Figure 3(b) the temperature is observed to be high
near the ceiling due to available light load. The
temperature in thezoccupied zone is observed to be
uniform. The corner part of this plane is observed to
be colder than the occupied zone. It may be due to the
less circulation of hot air coming from the light
source.
Figure 3(c) shows the path travelled by contaminated
particle produced from the mouth of first patient. In
this case, it is assumed that no contamination is
produced from patient 2. The contaminated particle
starts from the mouth of patient1 and moves in a
tortuous path and leaves through outlet.
V. RESULT & DISCUSSION
In ICU, presence of two patients, one doctor and light
have been considered as heat source. The simulated
results have been plotted on plane x=1m, 2m, & 3m as
shown in figure 2. Figures 3(a-d) show the
temperature contour (TC) of ICU at planes x=1m, 2m
and the path travelled by contaminated particle
produced from the mouth of the patient 1 & patient 2.
In this case, the inlet is 0.6m away from west wall.
Figure 3(a) clearly shows that the cold air is entering
through the inlet and moves almost touching the
ceiling and falling before 2.5m and spreads in the
room. Due to these movements the temperature in the
room is observed as non-uniform.

In this case, the local mean age of the contaminated
particle is approximately 20 minutes. Figure 3(d)
show the path travelled by contaminated particle
produced from the mouth of second patient. In this
case, it is assumed that no contamination is produced
from the first patient. The contaminated particle starts
from the mouth of patient 2 and leaves through the
outlet without affecting the other patient. Here the
local mean age of the contaminated particle is quite
less as compared to Fig 3(c). It indicates healthy
environment in the room.
Figures 4(a-c) show the temperature contour of ICU at
plane x=2m and the path travelled by contaminated
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particle produced from the mouth of the patient 1 &
patient 2. In this case, the inlet is 1.7 m infront from
west wall i.e. at the middle of the south wall. Figure
4(a) clearly shows that the cold air is entering through
the inlet and moves straight almost touching the
ceiling and falling before 3.6m and spreads in the
room. Due to these movements the temperature in the
room is observed to be non-uniform.

Figure 4(c) shows the path travelled by contaminated
particle produced from the mouth of second patient. It
is assumed that no contamination is produced from
patient 1. The particle follows a little tortuous path
and leaves through the outlet. Here the local mean age
of the contaminated particle is quite less as compared
to Fig 4(b). It indicates healthy environment in the
room. Thus, it is not affecting the health of the patient
and doctor.

Figure 4(b) shows the path travelled by contaminated
particle produced from the mouth of first patient. It is
assumed that no contamination is produced from
patient 2. The particle shows the little tortuous path
but it is not affecting the other patient and doctor.

Figures 5(a-d) show the temperature contour of ICU at
plane x=2m,
3m and the path travelled by
contaminated particle produced from the mouth of the
patient 1 & patient 2. In this case, the position of in let
is 2.7 m far from west wall. Figure 5(a) shows that the
cold air is entering the inlet & moves almost touching
the ceiling & falling before 2.5m and spreads in the
room.
Figure 5(b) shows that the temperature is observed to
be high near the ceiling due to available light load in
ICU. The temperature in the occupied zone is
observed to be uniform. The corner part of this plane
is observed to be colder than the occupied zone. It
may be due to the less circulation of hot air coming
from the light source.
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position and different inlet positions using k-ε model.
It is observed that the effect of cooling is more
prominent when the ICU is provided inlet at 1.7m
away from west wall, here local mean age of
contaminated particle is less and it goes out easily
through outlet without affecting the health of patient
and doctor. Hence the ventilation provided in the
second case is the best option as far as the healthy
environment is concerned.
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